License Plate Localization Using Genetic Algorithm including Color Feature Extraction  by Unnikrishnan, Arya P. et al.
 Procedia Technology  24 ( 2016 )  1445 – 1451 
Available online at www.sciencedirect.com
ScienceDirect
2212-0173 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICETEST – 2015
doi: 10.1016/j.protcy.2016.05.173 
International Conference on Emerging Trends in Engineering, Science and Technology (ICETEST 
- 2015) 
License Plate Localization using Genetic 
Algorithm including Color Feature Extraction 
Arya P. Unnikrishnana*, Roshini Romeo, Fabeela Ali Rawther 
Students, AmalJyothi College of Engineering Kanjirappally, Kottayam, India 
Assistant Professor, AmalJyothi College of Engineering Kanjirappally, Kottayam, India 
Abstract 
This paper contains a concept which is the combination of image processing and genetic algorithms. Here is a proposal for a 
design of a new genetic algorithm, which is introduced to detect the license plate location. It is done by converting the taken 
image into binary format from gray-scale image. Also connected component analysis is implemented to detect the candidate 
objects in that given image. A new genetic algorithm is proposed to find out the location of license plate number in the given 
image. Two new crossover operators, based on sorting, are introduced, which greatly improve the performance of the system. 
The genetic algorithm phase also takes the color feature extraction of the input color image in calculating the fitness function. 
The system is implemented using MATLAB and various image samples are experimented with to verify the distinction of the 
proposed system with the existing methods. More than 100 input images are tested by this proposed method. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICETEST – 2015. 
Keywords:Connected Component Analysis, Size Filtering, Genetic Algorithms, Color Feature Extraction 
 
 
 
 
* Corresponding author. Tel.: 9495857759 
E-mail address: unnikrishnanarya1@gmail.com 
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICETEST – 2015
1446   Arya P. Unnikrishnan et al. /  Procedia Technology  24 ( 2016 )  1445 – 1451 
 
1. Introduction 
LPR (License Plate Recognition) is an image-processing technology used to identify vehicles by their 
license plates. The detection stage of the license plate is one of the most critical step in an automatic vehicle 
identification system. Vehicle license plate recognition system is an important component of modern intelligent 
traffic control, which can be applied to all sorts of vehicle management. Comparing to traditional vehicle 
management, it can raise management efficiency and effect, manpower and material resource economization, realize 
the standardization of vehicle management, and guarantee the traffic and public order,etc. Other applications of LPR 
are parking, access control, border control, stolen cars, enforcement, marketing tool, travel, airport parking, etc. This 
technology is used in various security and traffic applications, such as the access-control system.  
Nowadays, a number of methods for license plate localization are widely in use. Most of the existing 
techniques for this purpose are mainly depending on any of the particular feature of the license plate like external 
shape of the number plate [2], colors that used in the license plate [3], intensity distribution in the plate area with 
respect to the neighbourhood [4,5], etc combination of these features.In any automatic plate recognition system, two 
main different stages are present; first, the particular region within the input image has to be identified as a car plate 
which is called localization, and then a character sequence inside the region has to be validated which is called 
character recognition. But most methods either have restrictions in their working conditions such as stationary 
backgrounds, fixed illumination, no slanting angles, high resolution, etc. or are may be time-consuming. 
 
 GA(Genetic Algorithms) are rarely used in due to its high computational cost. But, a number of techniques 
are already implemented by using this concept. The method in [6] based on pixel color features to segment the 
image depending on stable colors into plate and non-plate regions, followed by shape dependent rules to identify the 
plates area by using GA. Also many proposed methods has used this GAs. In this paper, a new genetic algorithm has 
developed to localize the license plate number that present in the given input image. The main peculiarity of this 
technique is that, the detection system never depends on any of the feature of the plate. It is purely independent on 
them. 
 
2. Related Works 
Color based license plate localization is present in [2].This paper presents a yellow license plate location 
algorithmusing the RGB model of color image and black-white textureanalysis of the plate to extract vehicle license 
plate from abackground image. According to the background color of thelicense plate, it transform the RGB image 
into a gray-scaleimage, then partitioning the intensity image to obtain a binaryimage which can stand out the license 
plate part. Then filterout other area whose color is similar by analysing the texturecharacteristics. This method uses 
more than one feature, butmore than one feature can become a burden to the computer.Only yellow license plate 
only can detected by using thismethod. 
 
MSER license plate detection method is proposed in [4]constrained by some priori knowledges about the 
licenseplate. Here, first the input image is pre-processed with grayscalingtechnique and gray stretching and then, the 
candidateMSER(Maximally Stable Extremal Region) license plateregions are chosen according to the sum of pixels 
present,the scale and length-width ratio of the license plate characterregion. Next, the similar single-character 
regions are removedand the lower and upper borders of the license plate aredetermined also using the constraints of 
the gray-level jumpand horizontal projection of candidate license plate characterregion. Finally, the left and right 
borders of license plateare determined by vertical projection methods and then thelocation of the license plate. This 
method has failed in twoconditions: 
1) The MSERs near car lights ,which are similar tocharacter region of the vehicle, are not removed. 
2) Cases such as blur , low edge intensity, etc. had    lead to the failed detection. 
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Paper [5] present a license plate detector using a fusion ofMSER and SIFT-based unigram classifier trained with 
CoreVector Machine(CVM). In the first step, MSER is used toobtain a set of regions. Highly non-matching regions 
areremoved with a simple heuristic-based filter. At last, regionswith two or more positively classified SIFT points 
are to beretained as the final character regions. To train the unigramclassifier, a set of SIFT key points are obtained 
from a smallset of ground truth images. The precision rate is low in thiscase, because of the fact that here only label 
the license plateregion. 
 
In paper [6], GA is applied for the localization of licenseplate number. Here, the authors propose a new method 
toextract the plate region using a distributed GA.After capturingan input color image from a vehicle, a Red-Green-
Blue(RGB)color space of the image is transformed to a Hue- Lightness-Saturation(HLS) color space. In the 
segmentation stage, a labelimage is generated with a distributed GA. By using this labelimage, extraction of the 
plate region is done by applying someheuristic rules. 
 
To avoid all the imperfections of the existing methods, anew method has proposed in this paper. The rest of our 
paperis organized as follows. The main principles of the techniquesmentioned in the proposed method are 
introduced in the nextsection. Section IV sums up the performance analysis of ourproposed method. Conclusions are 
provided in Section V. 
 
3. Proposed System 
This section is an overview of the proposed system. The proposed system contain two phases: image processing 
phaseand GA phase. The flowchart in Fig. 1 shows the methodologyof the system. GA selects the optimum 
LP(License Plate)symbol location depending on the input geometric relationshipmatrix (GRM) that defines the 
geometrical relationshipsbetween the symbols in the concerned LP. 
3.1. Image Processing Phase 
In this phase, the input color image will undergo a sequence of processes to extract the relevant 2-D objects that 
may represent the symbols constituting the license plate. The main steps in image processing phase are given below: 
1) Color to Gray-scale: 
The captured color image is converted to correspondinggray-scale image for extracting the relevantinformation 
from the picture. The conversion is doneby the standard NTSC method. The equation forconversion is: 
 
gs = 0:299R + 0:587G + 0:114B (1) 
 
2) Gray to Binary: 
The Gray-scale image that obtained in above stepis then converted to binary image. It is the mostsensitive stage in 
the localization of licence platenumber due to spatial and temporal variations in theplate. In this system, a local 
adaptive method hasbeen implemented to determine the threshold at eachpixel dynamically depending on the 
average graylevel in the neighbourhood of the pixel. If the pixelintensity is higher than 0.9 of the local mean, it 
isassigned to the background; otherwise, it is assignedto the foreground. The 0.1 offset below the mean ischosen 
experimentally to minimize the sensitivity tofluctuations in illumination. 
 
3) Connected Component Analysis: 
Connected component analysis is a technique in imageprocessing that scans an image and groups pixelsin labelled 
components based on pixel connectivity.An eight point CCA is used here to identify andseparate the components in 
the binary image. Theoutput of this stage is an array of size N. 
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4) Size Filtering: 
The objects extracted from the CCA stage are filteredon the basis of their widths W(obj) and heightsH(obj) such 
that the dimensions of the LP symbolslie between their respective thresholds as follows: 
 
Wmin<= Wobj<= Wmax                                      (2) 
 
Hmin<= Hobj<= Hmax                                         (3) 
where H(min) and W(min) are the values belowwhich a symbol cannot be recognized and W(max)can be set to the 
image width divided by the numberof symbols in the license number. H(max) is calculatedas W(max) divided by the 
aspect ratio of theused font. The output of this stage is an array of Mobjects. 
 
5)Color Feature Extraction: 
This step deals with extraction the color features of the input image byconverting the RGB colors to HLS values. 
The RGB model is pretty goodfor color representation on a colormonitor. But, human visual system is lesssensitive 
to change in color than to changes in brightness, so convert RGBimage data into a color space that treats tint, shade 
and tone. The HLSmodel is three dimensional colorspace which consists of Hue, Lightness andSaturation. There are 
equations to calculate these three parameters. 
 
3.2. Genetic Algorithm Phase 
In the following sections, the formulation of the GA phase to resolve the 2-D compound object detection problem 
will be introduced in detail, indicating the encoding method, initial population setup, fitness function formulation, 
selection method, mutation and crossover operator design and parameters setting. The genetic algorithm phase also 
includes the output from color feature extraction of the input color image. 
1) Chromosome Encoding: 
Encoding of a compound object such as the LP is accomplished based onthe constituting objects inside it. Since 
the next step after plate detectionis to recognize the license number, the main symbols identifying the platenumber 
should be included as a minimum. In the case of the recent SaudiLP, for example, there are four Arabic digits and 
three English letters. Othersymbols in the LP can be added to extend the representation for more 
layoutdiscrimination if needed. In our experiments, only the seven symbols (fourdigits and three letters) are used to 
detect the LP number. 
 
2) Fitness Function: 
 The proposed fitness is selected as the inverse of the calculated objectivedistance between the prototype 
chromosome and the current chromosome.Considering the two objects O1 and O2, the position relationship is 
defined in the two direction by following formulas: 
   
   RX1 = (X2 – X1) / H 
    
   RX2 = ( Y2 – Y1) / H 
 
Placing the values of the different relationships in one matrix, produces whatwe call the geometric relationships 
matrix (GRM). Table I presents the valuesof the geometric relationships matrix (GRM) for the Saudi LP shown in 
Fig. 3; where the variable j denotes the index of each symbol from left to right.The color features which are 
extracted, then used here to find out the ultimate fitness value. 
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3) Selection Method: 
 In our system, the stochastic universal sampling (SUS) method has been adopted for the selection of 
offspring in the new generation. In the SUS method, each individual is mapped to a continuous segment of a line 
equal in size to its fitness as in roulette-wheel selection. Then, a number of equallyspaced pointers are placed over 
the line depending on the percentage of individuals to be selected. In our system, individuals of 90% of the 
populationsize (0.9 Z) are selected to be exposed to mutation and crossover operators. 
 
4) Mutation Operator: 
Mutation is needed because successive removal of less fit members in geneticiterations may eliminate some 
aspects of genetic material forever. By performing mutation in the chromosomes, GAs ensure that new parts of 
thesearch space are reached to maintain the mating pool variety. Here implemented two types of interchangeably 
used mutation operators, substitutionoperator and swap operator. 
 
 
 
5) Crossover Operator: 
 There are many methods used to implement the crossover operator. For instance, single-point crossover, 
two-point crossover, n-point crossover, uniform crossover, three-parent crossover, alternating crossover and so on. 
Since inthe case of LP detection problem, GA is used to search for a sequence of objects having nearly the same y-
position and placed in order according to their x-positions, then the problem can be gradually solved by dividing the 
recombined chromosome's objects according to their y-positions into two groups and then sorting each group 
(constituting a chromosome) according to the x-positions. By following the above discussion, we propose a new 
crossovermethod that depends mainly on sorting as follows: 
 
1. The two parent chromosomes are combined into one longer array Carraythat includes a number NC of 
nonrepeated genes. 
2. The genes inside Carray are sorted in ascending order according to theY-coordinate of the object corresponding to 
each gene. 
3. Carray is scanned from left to right starting from index 1 to L, to construct the first child giving it the first L 
genes. 
4. Carray is scanned from left to right starting from index NC L + 1 toNC to construct the second child giving it the 
last L genes. 
5. Each child is sorted in ascending order according to the X-coordinateof each genes object to produce the final 
shape of each child. 
 
6) Elimination: 
 In this step, the genes which are considered to be as the part of license platenumber are eliminated by 
comparing with the intensity of adjacent genes andsome threshold values. By doing elimination, the speed of the 
system can beincreased and localization can be done more accurately. 
 
7) Stopping Criteria: 
 The average objective distance (AOD) is not improved for six successivegenerations. In this case, the 
chromosome having minimum objectivedistance can be accepted if it is less than 8. This maximum limit will affect 
the allowable angle range for the detected license numbers. 
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4. Result and Analysis 
In the output image, all characters are localized in the license plate by using the proposed method. In the previous 
method implemented, some of the characters are not get localized. The output of the Previous method that has 
implemented is given below. From the above two figures, it is clear that the output of the proposed method is much 
more accurate than the previous method implemented. 
Even though the output is accurate, in the case of some input imagesthe output is not senpercent accurate. When 
some images are given as theinput, anyone of the character is not get detecting. An example output isgiven below. In 
some cases, the number of objects found after connectedcomponent analysis must be insufficient. Another limiting 
criteria of thismethod is that, the values in GRM here has some fixed values. So, for othercases, have to change the 
GRM. As the GRM changes the Recognition alsochanges. Some of the portions in the image, other than the license 
plate also get detected by in this system. 
  
The main advantage of the proposed method is that, the running timeget reduced than that of the previous method 
implemented. The total timefor execution of the proposed new method is 1.907sec where as that of thepreviously 
implemented method was about 4.107 sec. ie two times thanthe proposed method. from this it is proved that, the 
proposed method ismuch faster than that of the previous method implemented for license platelocalization. 
  
Dataset for this mini project is downloaded from the link \MedialabWeb Site(Car Images). (2012, Dec. 9) 
[Online]. Available: “http://www.medialab.ntua.gr/research/LPRdatabase.html". 
5. Conclusion 
The paper work proposes a new method for license plate localization. This method is proposed with image 
processing along with color feature extraction and genetic algorithm. Color feature extraction is mainly used in the 
fitness value calculation. Other than the step in typical genetic algorithm, an another step, elimination is added in 
this proposed work. This work with some restriction like, the fixed GRM values. This method can be extended to 
localize license plate for different country's license plate. 
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